ABSTRACT. We looked for differentially expressed genes at different stages of preadipocyte differentiation and examined their functions, based on DNA microarrays of preadipocytes obtained from healthy subjects undergoing cosmetic liposuction. We downloaded gene expression profile GSE25910 from the Gene Expression Omnibus database and identified the differentially expressed genes with packages in R language. The selected differentially expressed genes were further analyzed using bioinformatics methods. Comparing gene expression at different stages of preadipocytes differentiation, we found that expression of 668 and 1007 genes were altered in middle and late stages compared with the early stage, respectively. Function analysis revealed that the differentially expressed genes were mainly related to fatty acid metabolic processes in the former two stages.
INTRODUCTION
Obesity is an abnormal accumulation of body fat, usually 20% or more over an individual's ideal body weight (He et al., 1995) . With the increased intake of high-fat food today, the incidence of obesity is increasing, and a variety of diseases accompanying obesity, such as coronary heart disease, type-2 diabetes, coronary hypertension, sleep apnea syndrome, fatty liver, respiratory syndrome and cardiovascular diseases, also threaten human health (Zhang et al., 1994) . Besides smoking, obesity has been regarded as the second preventable death risk factor and one of four major health problems with AIDS, drug abuse and alcoholism (Hoffmann et al., 2001) .
Before the mesoderm pluripotent stem cells differentiate into mature adipocytes, the cells in different stages are called preadipocytes. The quantity of adipocytes has a great influence on obesity, and the differentiation of preadipocytes has a direct impact on the quantity of mature adipocytes (Hsu and Yen, 2007) . Therefore, preadipocytes are closely related to obesity. The disorder of preadipocyte differentiation will lead to changes in the quantity of mature adipocytes, and it will be harmful to human health regardless of the increase or decrease in adipocytes (Kume et al., 2005) .
In this study, we screened differentially expressed genes in the different differentiation stages on the basis of the gene expression profile of preadipocyte samples. We tried to identify the marker genes that can control the quantity of adipocytes and analyzed the enrichment functions of the differentially expressed genes in the differentiation of preadipocytes. Current studies indicate that obesity is a polygenic and multifactorial metabolic disorder (Maffei et al., 1996) . Also, the most important reason causing obesity is abnormal fat metabolism. Therefore, besides weight management, diet improvement and increased exercise, the development of therapy targeted at the specific genes and metabolic pathways is expected to become an effective auxiliary means in the future.
MATERIAL AND METHODS

Affymetrix microarray data
The dataset GSE25910 (Arner et al., 2012) was downloaded from Gene Expression Omnibus database (http://www.ncbi.nlm.nih.gov/geo/), which was deposited by Arner and colleagues. Subcutaneous adipose tissue was obtained from healthy subjects undergoing cosmetic liposuction (n = 12). Preadipocytes were isolated and differentiated them into adipocytes in vitro. Then microarray analyses were performed at day 4/5 (early), 8 (middle) and 12 (late) of differentiation.
The platform information was GPL6244 [HuGene-1_0-st] Affymetrix Human Gene 1.0 ST Array [transcript (gene) version]. The microarray probe annotation information was from Affymetrix containing all information of Affymetrix ATH1 (25K) microarray. The original file and the annotation information file of the platform were downloaded as well.
Data preprocessing and analysis
The gene expression data of the three differentiation stages were divided into two groups: early versus middle and early versus late. The missing values were imputed using the method of KNN in R language (Howrylak et al., 2009 ) and the original data were standardized with mid-value clustering (Troyanskaya et al., 2001 ). The LIMMA package was then applied to analyze the gene expression profile of two groups (Fujita et al., 2006) , and the Bayesian ap-proach was used for multiple test correction (Smyth, 2005) . FDR (false discovery rate) < 0.05 and |logFC| > 1 were selected as the threshold for screening differentially expressed genes.
Differentially expressed genes in functional categories
The sequences of differentially expressed genes from two groups were compared with the COG (cluster of orthologous groups of proteins) database using BLASTX (Altschul et al., 1990; Tatusov et al., 2001 ) (E-value < 1e-05) to obtain the functional annotation and COG functional classification in categories of cellular component, molecular function and biological process. We then calculated the relative increment rate (R) of the differentially expressed genes in each enriched term using equation (1) to find the category with the largest relative increment rate during preadipocyte differentiation from middle to late stage.
( Equation 1) where m represents the number of differentially expressed genes in the early versus late group of a functional term, and n represents the number of differentially expressed genes in the early versus middle group.
Comparison of the differentially expressed genes in two groups
The differentially expressed genes screened from the two groups were further compared to obtain the common gene set and specific gene set. For the common gene set, the Pearson correlation coefficient of their fold-change value in each group was calculated to investigate the consistency of upregulation and downregulation.
Functional analysis of the differentially expressed genes
EASE (Expressing Analysis Systematic Explorer) is a customizable software application for rapid biological interpretation of gene lists that result from the analysis of microarray, proteomics, SAGE and other high-throughput genomic data (Hosack et al., 2003) . We analyzed the functions of the differentially expressed genes in each set using the Fisher algorithm in EASE and observed significant enrichment of these genes in multiple Gene Ontology (GO) categories with FDR < 0.05. Besides, we compared the expression values of the genes that were enriched in the most significant function between different differentiation stages.
RESULTS
Identification of the differentially expressed genes
After data preprocessing, we identified the differentially expressed genes in the middle and late stages compared with early stage, respectively. FDR ＜ 0.05 and |logFC| > 1 were used as the thresholds to select differentially expressed genes. Finally, we identified 668 and 1007 differentially expressed genes in the early versus middle group and early versus late group, respectively.
Identification and analysis of genes related to obesity
Differentially expressed genes in functional categories
According to the level of similarity between the sequences of the differentially expressed genes and the sequences of each GO node in the Gene Ontology, the differentially expressed genes in two groups were classified into 13 categories (Figure 1 ). In the early versus middle group, the category which enriched the most genes was metabolic process (330 genes), followed by biological regulation (283 genes) and multicellular organismal process (188 genes). In the early versus late group, the enriched categories were the same as in the early versus middle group, but with a different number of enriched genes in each category. We calculated the relative increment rate of the differentially expressed genes in different functional categories in preadipocyte differentiation from middle to late stages (Table 1 ). We could find that the largest relative increment rate was for the category metabolic process (relative increment rate = 48.79%).
Function
Gene count in early-middle Gene count early-late Relative increment rate (%) 
Comparison of differentially expressed genes in two groups
We further compared the differentially expressed genes in the two groups and identified the common and specific gene sets in the two groups. As shown in Figure 2 , there were 584 common differentially expressed genes in the early versus middle and early versus late groups and 84 specific differentially expressed genes in the early versus middle group and 423 specific differentially expressed genes in the early versus late group.
We then calculated the Pearson correlation coefficient of the fold change of the overlapping genes. As shown in Figure 3 , the Pearson correlation coefficient was higher than 0.97. This suggested that the expression pattern of the common genes was almost coincident in the two differentiation groups. 
Functional analysis of the differentially expressed genes
We performed functional analysis of the three sets of differentially expressed genes using EASE (Tables 2 and 3 ). As shown in Table 2 , the 584 common differentially expressed genes were enriched in 11 GO categories, and the most significant category was fatty acid metabolic process (GO: 0006631), including 29 differentially expressed genes. As shown in Table 3 , the specific 423 genes in the early versus late group were enriched in 3 significant GO categories, and the most significant function was fatty acid metabolic process (GO: 0006631) as well. Also, there were 19 differentially expressed genes enriched in the fatty acid metabolic process, including 16 upregulated and 3 downregulated genes. Table 3 . Significant enriched categories of differentially expressed genes in group early-late.
We further compared the expression profile of the 29 common differentially expressed genes which were enriched in the category fatty acid metabolic process in the progression from early stage to late stage (Figure 4 and Table 4 ). As shown in Figure 4 , the expression pattern of these 29 genes was coincident from early stage to late stage; that is, the 23 upregulated genes were always upregulated and the 6 downregulated genes were always downregulated. It proved that in preadipocyte differentiation, the genes that controlled the fatty acid metabolic process were specifically expressed regardless of stage.
DISCUSSION
In this study, we analyzed the gene expression profile in different stages of preadipocyte differentiation to select the differently expressed genes in the middle and late stages. A total of 668 and 1007 differentially expressed genes were identified in the early versus middle group and early versus late group. Functional analysis revealed that the common differentially expressed genes in different differentiation stages and the specific genes in early versus late group were both significantly enriched in fatty acid metabolism. In addition, the quantity of differentially expressed genes enriched in metabolic function increased most during differentiation. In line with previous studies, our results also suggested that obesity is apparently some kind of metabolic syndrome (Han et al., 2002; von Eyben et al., 2003) . Table 4 . Twenty-nine common differentially expressed genes.
It is suggested that fatty acid metabolism plays a decisive role in adipocyte growth and that it is possible to regulate and control the quantity of mature adipocytes through fatty acid metabolic processes. The 29 differentially expressed genes identified in this study could be regarded as target genes of the fatty acid metabolism pathway because of their continuous specific expression. Fatty acid metabolism is regulated by a variety of enzymes. For example, acetyl-CoA carboxylase plays a key role in fatty acid synthesis and degradation, and its product, malonyl-CoA, has an important effect on the hypothalamus in the regulation of food intake, as well (McGarry and Brown, 1997; Oh et al., 2005) . Therefore, it will be a feasible and practical way to control fatty acid metabolism to influence the action of the target genes and alleviate the symptoms of obesity.
The factors causing obesity are various and the most important reason is abnormal fat metabolism. The results in this study showed that the differentially expressed genes were most significantly enriched in fatty acid metabolism in the progression of preadipocyte differentiation into mature adipocytes. Moreover, these genes existed in the whole differentiation process and their number continued to increase during differentiation. Therefore, there is the possibility to regulate preadipocyte differentiation and then to prevent excessive adipocytes through control of the fatty acid metabolic process. Finally, we can control obesity and a series of diseases caused by obesity, such as cardiovascular and respiratory diseases.
